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Jr.

Tests have been m~de in the NACA two-dimensional low-
turbulence tunnel to determine the drag characteristics
of’two configurations of a 0.0476-scale nacelle and oil-
cooler scoop for the Hughes-Kaiser cargo airplane. These
nacelles wsre mounted on the Hughes-Kaiser wing section
5’77.325”(NACA 63,4-4(20.2) approx.). For compa~isonj one
nacelle was tested on a thick conventional airfoil
(NAG.<23021) . These tests were carried out at a wing
Reynolds number of 2.5 mil~.ion.

These nacelles had a sl.ightl.yfavorable effect on
the maximum lift coefficient. The drag increment of the
nacelles was slightly less on the low-drag section than
on the conventional section.

INTRODUCTION

Tests have been.made-previously in the NACA two-
dimensional lcw-turbulence pressure tunnel to obtain
lift and drag data for bomber nacelles mounted on low-
drag wings (references 1, 2, and 3). In these tests
the ratio of’nacelle diameter to wing thickness rafiged
from 1.0 to 2.5. The trend toward very large airplanes,
with ensine Dimensions remaining fixed, may lead to de-
signs exe-mplif’iedby the Hti.ghes-Kaisercargo airplane
where the nacelle diameter approaches the value of one-
half the wing thickness. Such trends have led to
questions concerning the effects of small nacelles on
relatively thick wings.

The purpose of this investigation was to determine
the effects of’two 0.0476-scale nacelle and oil-cooler
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scoop configurations fOr’tnfleHnghes-lfaiser cargo airplane
on the lift and drag characteristics of the Hughes’-Kaiser
wing section 577s325 (NACA 63,4-4(20’.2) approxa)c ~or

comparison.$one nacelle was tested on a conventional air-
foil of’avnroximat’ely the same thickness as the low-drag
section. ~i~.~se tests were carried out in the HACA two-
diwensfonal Tow-turbulence tunnel. at a win: Reynolds
numbet:> 9 c x 1oo,of L,]

S’fl\lBOLSAND NOTATIONS

The increment of drag of a nacelle is defined as
t’hedifference ‘between tkiedra~ of the wing-nacelle
combination and the drag of the plain vring- Symbols
used are defined as follows:

exit area

entrance area

exit velocity

entrance velocity

free-stream velocity

total pressure loss at exit

free-stream dynamic pressure

wins $@ynclds number

airfoil chord

area ugon which drag increments are based
(airfoil chord squared)

coeffici~ont
including

coefficient
calculate

of total drag increment of nacelle
drag due to internal “losses

of d-rag due to internal losses,

from tfi,~formula: -
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Acdc coefficient of’external.drag increment

1.
~ACdC - C~ci

)
.,.

rile wln~s USe Cl ~rl this investigation were 2-fo0t-
chord models of the NACA 63,4-4(20,2) and ITACA23021
airfoil ‘sections. Both these models were ”constrlicted”
of wood with laminations running chorclwise,and were
prepared fo:?test by the methods described In refer-
ence 4. The nacelles and scoops were also constructed:
of wood. Sketches of the nacelles and scoops showing
the internal duct arran[:ernentand the positi,on of the
baffle plates used to ,mpp~’o.ximate~ressure losses due to
an sng,ineor oil cooler are showi~in figures 1 to 4.
Nacelle H has a Iarpjerradius of curvature near the lead-
ing edqo of tl::eco1771iw3 than nacelle A, and the spinner
is less poj.;q.tecl.scoop P>,which is a’bout20 percent
Ion$zJel’than scoop A, ‘hasa more rouncleci ~ut~er incl a
larger radius of’P.urvatum on t’r.3lower surf[:ice.
Wtra.nce and exit areas for both nacelle-scoop combina-
ti.cn,sare given in the followl.n~ table:
,— —..

“;TI

——. .—.-..— —
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—

Uacelle

--t-

Scoop (sqA?n.) (sqA?n.) Ae/An
.—.—— —— —.

A
i

1.30”4 0*545 (3.418
D.L 1.202 .~~l .484

I
A .440 .160 .364

I_ B .500 .220 ! .440
.--—..— —.,

Tle ratio of t,kenacelle diameter to the wing thick-
ness was 0.569 for the NACA 63,4-4(20.2) ailrl0.548 for
the NACA 23021 section.

For each vJing the nacelles were horizontal at a
sectj.on lift coeff’ici.a,ntof 0.8. The angle of inci-
dence between the nacelle center lime and wing chord
line’was -4.5° when mounted on the NACA 63,4-4(20.2)
section and -7° on the NACA 23021 section.

The nacelle and scoop-drag increfientswere found
from f’ol~cemeasurements, Section draQ coefficients
were obtained by the wake-survey method as described
in reference 4. Section lift coefficients were obtained

.
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by integrating pressures along the tunnel floor and
ceiling. All lift and drag ‘coefficients are corrected
for tunnel-wall. interference.

Three nacelles of type A, spaced 12 inches on
centers, were tested on both wings. The increment of
three nacelles divided by three is in good agreement with
the increment of one nacelle alone. Since the accuracy
is i.n.creasedby measuring a larger quantity, the drag
increrlents shown for nacelle A are”averages of’the incre-
ment for three nacelles.

Pressures at the exits were measured by small static
and total preusure tubes
around tp’eexit.

All drag increments
f!.c~cs and are based on a

squared.

placed at several ~ositions

shown are external increlnents,
model area equal to the chord

Both airfoils were test~d at a lift coefficient of
about 0.6 with a l-inch by 2~-inch roughness strip at.
the c~nte!:>of the leading edge. This strip was composed
of O.010-inch average diameter carbor,uadum grains ce-mented
to scotch.tape, :whicp~in turn was applied to the airfoil.
The 2~-inch length, equal to the nace].le di-ameter, was

parallel to the span of the airf~ilc This test was made
to compare the drag of the nacelle with the drag of a
rough spo’t covering the same sPan as the ~acel~ee

13ESUII’i’SAND DISCUSSION

In figure .5,external drag increments of “confi(~-
Tatzons A and B of nacelle and scoop are presented as
a f’unctionof lift coefficient. While the value of
drag appears to be almost the same Tor each nacelle,
t~pisA has a lartqerlow-drae range. Through most of
the ran~e of lift coei’ficients the drag increment due
to scoop B has so small a value “thatit approaches the
limit of’Sxperi.zjeritalaccuracy. It appears that scoop.B
has lower increments than scoo;pA throughout the range
tested.

Tne coefficients of external drag increments of
type A nacelle on each airfoil section are given in
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figure 6. While the increments are substantially the
same on both wings, it seems that t“hatrend is toward
slightly S,rnallerincrements on the low-drag section.
WN5 d~ag i’ncrements-based on’an area equal to the.chord
squared for the rough spot on”each wing are shown in
figure 6. It will be noted that the additional drag
caused by the rough spot is the same as the increment
of the nacelle on the low-drag wing, but that the rough
spot results in approximately one-third the drag caused
by the nacelle on the conventional section.

In figure ‘7?section drag coefficients and section
drag coefficients plum d.ra~increments due to nacelle A
are plotted against lift coeffici~nts for both airi’oil
sections. The shaded areas represent the additional
drag due to the nacelie.

Section lift coefficients as a function of angle
of abtack are ~~resented in figure 8 for each wing alone
and for each w<-ngwith type A nacelle~ At low and
moderate values of the lift coefficient the nacelle
appears to have no effect on the lift curve.
h.o+~ever,,

There is,
a slight favorable effect upon maximum lift.

Internal flow characteristics throughout the range
Gl?lift coefficients for both nacelle and oil scoop
conf’igmations are presented in figures 9 and 10.

C()]lCI;~INGRWARKS

Tb.eincre.men.tof drag due to a small nacelle having
a diameter about equal. to half ‘thewing thickness was
sli,ghi~yless on the NACA 63.4-4(20.2) than on the NACA
23021 airfoil section.

Small nacelles mounted
appeared to have a slightly
mum lift coefficient,

.

on a low-drag airfoil section
favorable effect on the maxi-

‘TypeA nacelle, which incorporates a larger cowling
nose radius than nacelle B, had the larger low-drag range.
Type”B oil-cooler scoop, with rounded gutter and larger
radius of cv.iwature on the lower”surface,had a smaller
drag increment than type A.
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Nacelle A and scoop B mounted on the NACA 63,4-4(20.2)
section probably would result in a lower over-all drag
than any of the combinations tested.
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‘Figure /.- Section through centerline of nacelle and scoop, configuration A.
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Figure 2 .- Con-tourof oil scoop A.
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~gure 3.- Section through centerline of nacelle and scocp, configuration B.
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Figure 4--- Contour of oil scoop B.
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External drag increments of nicslle end oil scoop, ,
conflguratlo s A and B,onNACA63,4 -l@o.4 airfoil section. ‘-
q, 2.5 x 1#. :LJ:

Figure 6.- Q$ernal drag fncr~ents of nacelle
md NACA 23021 airfOil sections. %, .2.5X.lo?on ‘ACA ‘3s4-4@.4



1Figure 7.- $eotlon drag coefficient and section drag coefficient
plus drag increumnt of nacelle A on NA A 63,1.@.@o.4 and NACA

z23021 ●irfoil seat, ions. ~, 2.5 x 10 .
i Ii!lPlgure ‘8.- 1Lift characteristics of the NACA 63,k-lI@o.~ cnd NACA 4

i: 23021 airfcl
i

sectlcns with and without type A nacelle.
N,2.5 x10..
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Pigure ,9. - Internal flow “tiaracteYistia o naoelle :ntJ&l. aaoop,

R“, 2., x 1$.
oonflguratio h, mounted on NACA “63,J+-$0.$ ntrfoil

Figure 10.- Internal.flow .aharactorltiioeof nacelle and oil eooop,..
oonflguratfon B, on lfAOA63,4-l#?o. ~ ●irfoil ooction. Rw,,2.5x106.“i
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